INTRODUCTION
A common method of recovering large quantities of virions from infected cell cultures has been accomplished by several freeze-thaw (F-T) cycles, whereby infected cells are disrupted and intracellular virus particles are released into the culture medium (1) . Using the F-T technique, virus particles suspended in culture medium are generally stored at -70°C for virus analysis or for future rounds of infection. Although the F-T method is effective for releasing virions from infected cell cultures, it is time consuming and the frequent temperature changes may affect subsequent virus titers. In addition, the resulting cell debris may contain a considerable number of virus particles that still remain attached to cell membranes.
A hypotonic environment increases the water pressure inside cells through uptake of water to maintain the ionic balance in and outside of cells. Plasma membranes of eukaryotic cells eventually lyse due to increasing cell volume, resulting in the cell contents being released into the hypotonic environment. Early work in the diagnosis of avian DNA viruses revealed that the combination of the water lysis method and the F-T method was effective in isolating large quantities of adenovirus virions from chicken embryonic kidney cells (2) . In the present study, we have found water lysis without F-T cycling to be a much simpler method for obtaining infectious avian metapneumovirus [AMPV; also known as turkey rhinotracheitis virus, which is a nonsegmented, single-stranded, negative-sense RNA virus belonging to Paramyxoviridae family (3)].
MATERIALS AND METHODS

Cell Culture and Virus Infection
All cell culture reagents were purchased (Gibco; Invitrogen, Carlsbad, CA, USA). Two different immortal cell lines, avian turkey turbinate [TT-1 (4)] and mammalian African green monkey kidney cells (Vero; provided by D.A. Halvorson, University of Minnesota, St. Paul, MN, USA) were subjected to hypotonic burst and an analysis of virion recovery. Both immortal TT-1 and Vero cells were grown in highglucose DMEM, enriched with 10% fetal calf serum (FCS), 1% penicillinstreptomycin solution, and 2 mM L-glutamine (Gibco; Invitrogen). For virus infection, both cell lines were seeded at 2 × 10 6 cells/10 cm culture dish. After overnight incubation, culture medium was replaced with fresh DMEM containing reduced FCS (2%) and cells were infected with stock virus strain AMPV/MN2A strain at an optimal multiplicity of infection (MOI) of 0.1. At 1 h post-infection (p.i.), medium containing virus was replaced with 10 ml fresh medium (containing 2% FCS). At 72 h p.i., the culture medium containing mature infectious virions (virus medium) was collected and stored separately on ice.
Water Lysis of Virus-infected Cultures
To perform the hypotonic burst, 5 ml of double distilled water (DW) was used to lyse the AMPV-infected cells during a 15-min incubation at room temperature. Cells were scraped and transferred to a 14 ml polystyrene tube. DW-treated cells were mixed by repeated pipeting to ensure complete cell lysis. Cell debris and nuclei were collected by centrifugation at 3000× g for 15 min. The resulting DW supernatant (virus DW), which contained virions that were previously trapped inside infected cells following repli- 
A simple and efficient collection method using hypotonic burst to isolate virions from infected cultured cells is described. Distilled water treatment of avian metapneumovirus (AMPV)-infected cells with thorough mixing and repeated pipeting was considerably faster for virion collection in avian cells compared to the widely used freeze-thaw (F-T) method (30 min vs. 3-4 h). This method was also more effective for virion collection. The total number of virions recovered from AMPV-infected immortal turkey turbinate cells by the novel water lysis method was 3-fold higher than by the F-T method. This simple water lysis method can be applied to virion collection for other RNA viruses such as the paramyxoviruses that are used to infect cultured cells.
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cation, was removed by pipeting and mixed with equal volumes (5 ml) of 2× DMEM containing 4% FCS, 2% penicillin-streptomycin solution, and 4 mM L-glutamine in order to restore the tonicity to that of the original virus stock. For F-T controls (virus F-T), AMPV-infected cells were subjected to three F-T cycles, then medium containing virus was clarified by centrifugation at 3000× g for 15 min.
Titration of AMPV
Virus titers and the total number of virus particles for virus medium, virus DW, or virus F-T were determined by infection of Vero cells in 96-well plates at 10-fold serial dilutions. At 72 h p.i., AMPV titers were determined by plaque enumeration scoring for cytopathic effect (CPE) and by immunofluorescent assay (IFA) using hyperimmune turkey AMPV antisera as the primary antibody and fluorescein isothiocyanate-labeled goat anti-turkey IgG as the secondary antibody (5).
RESULTS AND DISCUSSION
Disruption of Either TT-1 or Vero Cells by Water Lysis
Photomicroscopy indicated cell swelling by water influx after hypotonic treatment for both TT-1 (Figure 1, B-F) and Vero (Figure 2, B-F Figure 1G ). Cellular contents were released into the culture media after complete dissociation of the cellular plasma membrane, although intact nuclei could be easily detected. After centrifugation, the cytoplasmic contents were present in the supernatant media with the pellets containing cell debris and intact nuclei ( Figure 1H ). In a similar fashion, DW-treated Vero cells were ruptured by DW treatment, although the process was considerably slower (Figure 2) . When compared to untreated Vero cells (Figure 2A ), DW-treated cells remained the same after 10 s ( Figure 2B ) and only began to change their morphology (swelling) after 1 min of incubation ( Figure 2C ). After 5 min incubation, cells appeared to be maximally swollen ( Figure 2D ). Cell rupture was first noticed at 10 min ( Figure 2E ) and by 15 min incubation ( Figure 2F ), about half of the cells had ruptured. Following the 15-min incubation and a repeated pipeting, cells were completely lysed ( Figure  2G ). As with TT-1 cells following centrifugation, pellets contained cell debris and intact nuclei ( Figure 2H ).
Disruption of Either TT-1 or Vero Cells by F-T Lysis
In contrast to the hypotonic burst method, the F-T method of virus isolation led to the rapid detachment of monolayers and broken cell membranes for both TT-1 and Vero cells. After centrifugation to collect the supernatant virions, pellets appeared not to contain many intact nuclei from either TT-1 or Vero cells (data not shown). Taken together, the hypotonic water lysis method might lead to the collection of virus with considerably less contamination from cellular debris compared to the F-T method.
Virus Titers Collected Using Hypotonic Burst and F-T Method
Titers (plaque-forming units per mL; pfu/mL) of AMPV collected after water lysis were comparable to virus titers recovered by the F-T method ( Figure  3A) . In AMPV-infected TT-1 cells, the virus medium before cell lysis and the virus DW showed slightly increased virus titers (3.7 × 10 7 pfu/mL and 3.3 × 10 7 pfu/mL, respectively) compared to the virus F-T (2.3 × 10 7 pfu/mL). In AMPV-infected Vero cells, the titers for the virus medium (3.0 × 10 6 pfu/mL) or the virus DW (8.7 × 10 6 pfu/mL) were lower compared to virus F-T titer (3.0 × 10 7 pfu/mL). The water lysis method produced 20 ml of virus solution (virus media plus virus DW), while virus F-T generated 10 ml of virus solution from the initially supplemented medium volume. The mean values for total virus particles recovered from AMPVinfected TT-1 cells were 7.0 × 10 8 and 2.3 × 10 8 for the water lysis method and F-T method, respectively ( Figure 3B ), indicating that the water lysis method produced an average 3-fold higher number of virus particles compared to the F-T method. Similar results were also observed in the AMPV infection of primary turkey kidney and embryo fibroblast cells (data not shown). The F-T method increased the number of virus particles (3.0 × 10 8 ) compared to the water lysis method (1.2 × 10 8 ) from AMPV-infected Vero cells, albeit large numbers of virus particles were isolated from the DW virus ( Figure  3B ). Taken together, the data suggest that the hypotonic water lysis method can be effective in recovering virions from virus-infected cultured cells.
AMPV collected using the F-T method has been reported to maintain its infectivity after storage at -80°C 
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for >1 yr (6) . The stability of AMPV collected by the water lysis method was determined using three different storage conditions: (i) virus DW itself, without mixing to restore tonicity; (ii) virus DW in a final concentration of 1× phosphate buffered saline (PBS) (achieved by mixing with equal volumes of 2× PBS solution); and (iii) virus DW in a final concentration of 1× DMEM medium (achieved by mixing with equal volumes of 2× DMEM medium). Different AMPV stock solutions were stored at -80°C for 2 months, and used to infect either TT-1 or Vero cells. Thawed virus stocks (0.5 ml) were used to infect cells after mixing with 5 ml of fresh culture medium (containing 2% FCS). The AMPV infection, virus collection by water lysis, and titering were performed as described previously. Although frozen virus stocks in DW only or in 1× PBS produced somewhat lowered AMPV titers, there were no significant differences in TT-1 propagated virus titers among three different storage conditions [DW only (1.3 × 10 7 pfu/mL), 1× PBS (0.9 × 10 7 pfu/mL), and 1× DMEM (2.1 × 10 7 pfu/mL), respectively].
Generally, it takes about 3-4 h to complete three F-T cycles for virus isolation (30 min freezing at -80°C and 20 min thawing in room temperature per cycle). In contrast, the water lysis method can be entirely completed within 30 min. The rapid water lysis virion collection method can produce high AMPV titers from either infected TT-1 or Vero cell substrates. This water lysis method can very effectively avoid the possible decline in virus titers caused from repeated F-T cycles in the process of virus collection. In addition, this method could be applicable to increase the recovery of virions, such as paramyxoviruses including measles, respiratory syncytial virus, or human parainfluenza virus (7), which have been known to be difficult to collect in large amounts due to their cellassociated nature. Virions collected by the F-T method, virus media containing virus before DW treatment (medium), and virus DW (DW) were clarified by centrifugation at 3000× g for 15 min. AMPV titers were determined as previously described and enumerated by plaque-forming unit/milliliter (pfu/mL) and data are the mean ± sem from three independent experiments. (B) Based on the virus titers, total numbers of virus particles were measured and plotted. Data are the mean ± sem.
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